Website: www.MarSumSolutions.com
Call Us: +1(937) 524-5114
Email:  CustomerService@MarSumSolutions.com

MAR UM
SOLUTIONS

MarSum Solutions: Designing Mission-Critical Power Electronics - Reliability,
Safety, and Compliance
Mission-critical power electronics operate where failure is expensive, dangerous, or operationally unacceptable.

Aerospace and defense systems, medical equipment, offshore energy infrastructure, oil-and-gas facilities, industrial safety
systems, and high-availability manufacturing assets all depend on converters, inverters, power supplies, motor drives, and

protection circuits that must work reliably under real field stress.

In these environments, the design target is not simply high efficiency or high power density. The system must survive
thermal cycling, vibration, shock, electromagnetic interference, abnormal inputs, load transients, aging, maintenance
variation, and fault events while meeting applicable safety and compliance expectations. This paper explains the
engineering strategies that make mission-critical power electronics robust, certifiable, and maintainable over the life of the

system.

Why mission-critical power electronics are different

In ordinary commercial designs, a failed converter may be inconvenient. In mission-critical applications, a failed converter
can stop production, disable protective equipment, interrupt medical care, compromise a flight-critical function, or create a
hazardous state. Downtime can also be financially severe. For large enterprises and infrastructure operators, outage
costs can quickly reach hundreds of thousands of dollars per hour once lost production, recovery labor, contractual

penalties, and reputational effects are included.

The engineering mindset therefore changes. Mission-critical power electronics must be designed around predictable
behavior, fault containment, maintainability, and evidence. Component selection, derating, thermal margin,
electromagnetic compatibility, software and firmware behavior, documentation, and production test all become part of the
reliability strategy. A design that performs well in a lab may still be unacceptable if it lacks clear requirements, qualification

evidence, failure-mode coverage, or service procedures.

What is inside a mission-critical power electronics system

Mission-critical systems differ by industry, but the major engineering functions are consistent. The power stage is only one
part of a larger architecture that must coordinate energy conversion, sensing, protection, controls, mechanical packaging,

compliance evidence, and serviceability.

Power conversion stage

The inverter, converter, rectifier, DC link, transformer,
magnetics, and semiconductor devices define efficiency,
voltage margin, current limits, switching behavior, and
thermal stress. Power-stage decisions influence every
downstream reliability target.

Sensing and diagnostics

Voltage, current, temperature, isolation, vibration,
humidity, fan or pump status, fault history, and usage data
provide the visibility needed for health monitoring,
maintenance planning, and root-cause analysis after field
events.

EMI/EMC and grounding architecture

Filters, shields, return paths, bonding, cable routing,
enclosure seams, and switching-edge control influence
conducted emissions, radiated emissions, immunity,
sensor noise, and compatibility with nearby electronics.

Control and protection logic

Firmware, analog protection, supervisory control,
interlocks, shutdown sequences, watchdogs, and safe-
state behavior determine how the system responds to
overloads, short circuits, communication loss, sensor
faults, and abnormal operating modes.

Thermal and mechanical package

Heat sinks, cold plates, airflow paths, potting, conformal
coating, connectors, enclosure design, vibration isolation,
and mounting details determine whether the electronics
survive the actual operating environment.

Compliance and lifecycle evidence

Requirements, analyses, design reviews, qualification
plans, production tests, traceability, configuration control,
and service documentation turn a good circuit into a
system that can be approved, manufactured, maintained,
and trusted.
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High-reliability design strategies

Reliability is not created by a single rugged component. It comes from a chain of design choices that reduce stress, detect
faults early, isolate failures, and preserve useful operation when something goes wrong. The best designs define reliability
targets before layout, component selection, and thermal packaging are locked.

Derating and margin strategy Redundancy and graceful degradation
Voltage, current, temperature, ripple current, insulation Mission-critical systems may require redundant power
spacing, and transient energy should be derated against channels, parallel modules, backup supplies, dual
credible worst-case conditions. Derating rules must reflect | sensors, or fault-tolerant control paths. Redundancy
mission profile, environment, aging, and manufacturing should support controlled degradation, not just duplicate
variation rather than nominal datasheet limits. hardware that fails in the same way.

Robust thermal management Protection and safe-state behavior

Thermal design must consider ambient extremes, altitude | Input faults, output shorts, overvoltage, undervoltage,

or airflow loss, fouling, coolant degradation, hot spots, ground faults, overtemperature, arc faults, and control
cycling fatigue, and service access. Junction temperature, | faults need defined detection and response. Protection
capacitor life, solder fatigue, magnetics heating, and should limit damage while preserving diagnostics and
enclosure heat rejection all need margin. placing the system in a known safe state.
Component quality and supply continuity Manufacturing and test coverage

Reliability depends on package maturity, vendor quality Production variation can erase design margin. In-circuit
systems, traceability, screening strategy, second-source test, functional test, burn-in where appropriate, insulation
options, and obsolescence planning. A technically strong checks, calibration, firmware configuration, and end-of-line
design can still fail the program if the supply chain cannot | acceptance criteria should be planned as part of the
support the lifecycle. design.

Safety, compliance, and environmental qualification

Mission-critical projects usually operate under sector-specific standards and customer requirements. The exact
compliance path depends on the product, region, hazard analysis, and end application, but the engineering pattern is
consistent: requirements must be traceable, failure modes must be understood, and the design must be validated against
the environment where it will operate.

Aerospace and defense: Aircraft and defense electronics may need environmental and EMI qualification aligned with
RTCA DO-160 or related requirements, and airborne electronic hardware may require a design assurance process
consistent with DO-254 guidance depending on the equipment and certification path.

Industrial and oil-and-gas systems: Industrial safety applications often reference functional-safety frameworks such as
IEC 61508 or product-specific standards. Power electronics used in drives, turbines, pumps, emergency shutdown
systems, or hazardous-area equipment must align protection behavior with safety integrity expectations.

Medical and life-support equipment: Medical systems must address electrical safety, isolation, leakage current,
electromagnetic compatibility, risk management, alarms, and essential performance. Power supply behavior during faults
or input disturbances can be part of patient and operator safety.

Harsh environmental service: Offshore wind converters, oilfield drives, transportation power supplies, and remote
infrastructure may face vibration, salt fog, humidity, dust, thermal cycling, shock, restricted maintenance access, and
continuous operation. Environmental assumptions should be written into the requirements, not discovered during field
failures.
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EMC and environmental ruggedness

Electromagnetic compatibility is often where mission-critical power electronics fail late in the program. Fast switching
edges, common-mode current, motor cables, enclosure seams, long harnesses, and noisy grounding can interfere with
sensors, communications, avionics, medical electronics, or control systems. EMC should be treated as a system
architecture problem, not a filter added after emissions testing.

Environmental ruggedness follows the same pattern. Shock, vibration, altitude, temperature extremes, humidity,
contamination, corrosive atmospheres, and maintenance handling all change electrical behavior. Mechanical packaging,
connector choice, creepage and clearance, conformal coating, potting, mounting orientation, cooling paths, and service
procedures must be coordinated with the electrical design from the beginning.

High-value mission-critical use cases

Reliability engineering matters most when downtime, failure, or unsafe behavior creates consequences beyond a
component replacement. The following applications illustrate why mission-critical power electronics require system-level
design discipline.

Aircraft power supplies and propulsion support: Aircraft power conversion equipment must tolerate vibration,
temperature extremes, altitude effects, conducted and radiated EMI, power transients, and defined failure cases. A
converter may need to keep essential loads powered, avoid disturbing avionics, and provide evidence that supports
airworthiness or customer approval.

Medical equipment and diagnostic systems: Imaging systems, surgical tools, laboratory instruments, patient-support
equipment, and mobile medical platforms often require low noise, high isolation, predictable backup behavior, and careful
fault containment. Reliability is tied directly to patient care, facility uptime, and regulatory expectations.

Offshore wind and energy infrastructure: Wind turbine converters, pitch drives, offshore platform supplies, and subsea
or oilfield equipment can operate continuously in harsh environments with difficult service access. Thermal cycling,
humidity, salt exposure, vibration, grid disturbances, and long maintenance intervals make fault containment and
diagnostics critical.

Industrial safety and high-availability manufacturing: Large drives, UPS systems, process-control power supplies,
and safety-related power electronics may support production lines, chemical processes, robotics, or automated
inspection. Failures can create downtime, quality escapes, safety risks, and costly recovery work.

Markets where reliability is non-negotiable

Demand for rugged power electronics is strongest where uptime, safety, and compliance dominate purchasing decisions.
Aerospace, defense, medical, energy, and advanced manufacturing customers often need more than a high-efficiency
converter. They need a design process that produces predictable operation, documented margin, and qualified behavior
under abnormal conditions.

North America and Europe: Aerospace, defense, offshore energy, medical equipment, and critical infrastructure
programs often require strong documentation, qualification planning, and supply-chain discipline. These markets reward
suppliers that can turn requirements into verifiable design evidence.

Germany, Japan, and advanced manufacturing regions: High-value production environments place heavy emphasis
on equipment uptime, functional safety, precision, and long service life. Power electronics failures can interrupt
production, damage equipment, or create costly quality issues.

Remote and harsh-environment infrastructure: Oil-and-gas sites, offshore platforms, mining operations, transportation
systems, and renewable assets often operate far from easy service access. Rugged design, remote diagnostics, modular
replacement, and fault isolation have direct economic value.
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Integration challenges that determine project success

The hardest mission-critical problems usually appear at the interfaces between electrical design, mechanical packaging,
controls, safety analysis, compliance testing, and manufacturing. A robust design requires those boundaries to be

engineered together.

Requirements and traceability
Safety, reliability, environmental, and compliance

requirements must be specific enough to design and test.

Vague requirements create late-stage disputes and
incomplete qualification evidence.

Thermal and environmental validation

Design teams must test against real mission profiles, not
only nominal operating points. Thermal cycling, vibration,
humidity, shock, contamination, altitude, and restricted
cooling can expose hidden weaknesses.

Protection coordination and safe shutdown

Fuses, breakers, contactors, solid-state protection,
firmware limits, watchdogs, and interlocks must produce
coordinated behavior during faults without hiding useful
diagnostic information.

Failure-mode and fault analysis

Fault trees, failure modes and effects analysis, safe-state
definitions, diagnostic coverage, and common-cause
failures should guide architecture choices before hardware
is frozen.

EMI/EMC and grounding strategy

Conducted emissions, radiated emissions, susceptibility,
bonding, shielding, cable routing, and sensor integrity
must be addressed early, especially when high dv/dt
power stages operate near sensitive electronics.

Manufacturability and lifecycle support

Inspection access, test coverage, calibration, firmware
control, obsolescence planning, replacement procedures,
and service documentation determine whether reliability
survives production and field support.

How MarSum supports mission-critical power electronics programs

MarSum Solutions supports high-reliability power electronics, motor-drive, converter, controls, and system-integration
programs with an engineering-first approach focused on performance, robustness, and manufacturability. Mission-critical
power electronics sit at the intersection of power-stage design, protection, thermal management, EMI/EMC, compliance
planning, and lifecycle support, which is where early engineering decisions have the largest effect on program risk.

Our work can include architecture review, derating and margin assessment, power-stage and protection strategy, thermal
and reliability analysis, EMI/EMC mitigation planning, fault-handling review, requirements translation, modeling, validation
planning, and design-for-manufacturing input. We also help teams translate broad goals such as high availability,
ruggedness, safe shutdown, environmental qualification, and compliance readiness into testable engineering criteria.

For aerospace, defense, medical, industrial, and harsh-environment programs, reliability should be treated as a core
architecture decision rather than a final qualification activity. A disciplined system-level approach can reduce field failures,
improve compliance readiness, and support a faster path from prototype performance to dependable production

hardware.

Engagement models

We support customer teams through focused technical consulting, design reviews, reliability and compliance planning,
modeling and controls support, and deeper co-development efforts depending on program phase. Typical engagements
range from early feasibility and requirements definition to prototype validation, field-debug support, production-readiness
planning, and lifecycle support for mission-critical power electronics.

Selected sources: RTCA DO-160; FAA DO-254 guidance; IEC 61508 functional safety materials; enterprise downtime cost reporting.

Contact us today to scope your mission-critical power electronics, rugged
converter, safety-related drive, or high-reliability power system project!
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